To measure the impact of a teaching intervention and to compare process and outcomes of care for HIV-infected patients randomly assigned to a general medicine clinic (GMC) or an infectious disease clinic (IDC) for primary care.
T
here is increasing pressure to treat human immunodeficiency virus (HIV) infection and acquired immune deficiency (AIDS) in the ambulatory setting with a dual purpose of providing high-quality care and lowering costs. There is, however, discussion over whether generalist or specialist physicians should provide this care. Prior studies have suggested that clinical experience in the care of the HIV-infected patient may predict patient outcomes. In the ambulatory setting, AIDS patients cared for predominantly by generalists had greater odds of hospitalization 1 and greater lag time before receiving zidovudine 2 when compared with patients cared for by specialist physicians. In addition, improved patient survival was observed in patients cared for by primary care physicians with greater experience in HIV care. 3 With nonrandom allocation of patients in these studies, however, it is difficult to separate the provider effect from patient confounders. There is additional controversy concerning which educational models are most effective at improving HIV care in the ambulatory setting. Internal medicine training directors and trainees report deficiencies in education relating to the ambulatory care of HIV-infected patients.
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In addition, surveys of physicians in training suggested that heavy loads of inpatient HIV care predicted negative attitudes and unwillingness to care for these patients in future practice, while experience in caring for HIVinfected patients in the ambulatory setting predicted positive attitudes. 5 We conducted a randomized, controlled trial comparing process and outcome of care for HIV-infected patients delivered by generalists in a general medicine clinic (GMC) to the care delivered by specialists in an infectious disease clinic (IDC). To enhance the education necessary for the primary care of HIV-infected patients, we implemented a primary care educational program for the physicians in the GMC. Our primary goal was to determine if differences occurred with respect to hospitalization rates and lengths of stay, health related quality of life (HRQL) scores, and the delivery of appropriate preventive health care. We also evaluated the impact of the educational intervention on the provision of evidence-based services for HIV-infected patients. Both GMC and IDC incorporate trainees into the clinic process with the goal of providing hands-on training in the ambulatory care of HIV-infected patients. A second study objective was to examine each teaching model; thus, we also measured the proportion of care provided by trainees in each setting.
METHODS

Clinic Sites
We conducted a single site, randomized prospective trial of HIV-infected patients presenting to Duke University Medical Center (DUMC) for primary care. The 2 sites for patient assignment were: 1) the GMC, in which internal medicine residents, supervised by noninfectious diseases faculty attending physicians, provided care, and 2) the IDC, in which residents, infectious diseases (ID) fellows, and ID attending physicians provided care. At the outset of the study, the goal was to measure the number of study patients cared for by residents and fellows with faculty supervision.
During the study period, GMC provided care for approximately 5,000 general medicine patients. Less than 50 of these patients outside the study cohort were HIVinfected. Resident physicians saw patients in clinic onehalf day each week and were supervised by the same attending physician throughout the year. Two generalist faculty preceptors were available in clinic for 8 trainees each clinic half day. In IDC, residents, ID fellows, and ID attending physicians provided care for 1,100 HIV-infected patients. Residents and fellows were paired with one faculty preceptor who saw their own patients in addition to precepting the trainees. The study was approved and reviewed annually by the Institutional Review Board of DUMC.
Inclusion/Exclusion Criteria
Patient Eligibility. Eligible patients had a self-reported history of HIV infection and presented to DUMC for HIVrelated ambulatory care. Patients were eligible if they were uninsured, self-pay, or qualified for Medicaid or Medicare.
Because of constraints in billing structures for those who had private insurance, patients were excluded if they were privately insured (n = 188). They were also excluded if they were not competent to give informed consent as determined by the judgement of the attending physician available at the time of randomization (n = 2) or were residents of a nursing home (n = 2).
Study Design
Patient Enrollment. Enrollment occurred during the intake interview following the collection of baseline information by one of the study coordinators. The enrollment of patients was continuous beginning July 1994 and ending February 1997, when the target sample size was achieved. Patients were contacted at 3 months and 12 months following the date of randomization to assess vital status, HRQL, and health care utilization.
Informed Consent and Randomization. Written informed consent was obtained during intake interview. Randomization was stratified for risk group classification based on the patients' self-reported use of IV drugs versus no history of IV drug use and blocked in groups of 4. The randomization sequence was maintained at a site separate from patient enrollment. Once the clinical site was known, the study coordinator assigned a physician to the patient and arranged the initial visit.
Primary and Secondary Outcomes
The primary outcome variables were hospitalization rate, length of stay, and proportion of patients hospitalized for 12 months following randomization. We also measured visits to ambulatory clinics and the emergency department. Outcomes involving hospitalizations and visits were obtained from the DUMC billing records and hospital information system. Hospital admissions and the number of hospital bed-days were tallied. Patient visits were recorded for all scheduled and unscheduled visits Ð both emergency department and acute care visits. We also obtained non-DUMC health care use through systematic queries of non-DUMC providers and hospitals. For hospitalizations at DUMC, we recorded primary discharge diagnosis from the dictated discharge summary for that hospital admission. When a dictated summary was not available, we recorded the stated discharge diagnosis from the hospital billing system by ICD-9 code. For outside hospitalizations, we did not have uniform access to information regarding discharge diagnosis.
Four a priori ± defined process of care measures (the provision of appropriate prophylaxis against PCP, tuberculosis screening, administration of pneumococcal vaccine, and documented discussions regarding advance directives) were assessed from medical record review. We also measured utilization of CD4+ cell counts and prescription of antiretroviral medications. Health-related quality of life (HRQL) was assessed with a HIV-specific survey. 7, 8 For prophylaxis against PCP, we documented care that complied with the U.S. 
Physician Education
We implemented an educational program that was mandatory for house staff and available for attending physicians in GMC. All primary care residents and an additional group of first and second year residents who expressed interest in HIV-related ambulatory care participated (n = 49 house officers). Teaching topics covered a curriculum intended to provide the foundation for appropriate primary care of HIV-infected patients (Table 1 ). In addition, quarterly case conferences were held to discuss specific cases and highlight the medical literature on the most current standards for HIV-related primary care. The initial study design included a parallel system in which study patients would be assigned primarily to a trainee with faculty supervision regardless of whether the trainees were in GMC or IDC. In GMC the trainees were all residents whereas in IDC the trainees were both residents and fellows.
Statistical Analysis
We conducted an intention-to-treat analysis. All patients were followed for 12 months postenrollment, until death or lost to follow up. Wilcoxon rank sums or c 2 tests
were used to assess baseline differences between groups and to perform primary outcome comparisons. Because of the baseline differences between the groups in 2 variables, we supplemented the primary analysis with a mixed model analysis or logistic regression as appropriate. In these models, race, CD4 count, distance from Duke, IV drug use, and treatment group were independent variables, and hospitalization rate, utilization of the emergency department, and length of hospital stay were dependent variables. A P value of .05 was considered significant. The study was designed to exclude clinically important differences between GMC and IDC in all 3 of the primary outcome variables. The variable most limiting sample size was hospitalization rate. Using a projected hospitalization rate (0.84 0.84 hospitalizations per patient per year) based on the literature and local pilot information, we defined a clinically meaningful difference between groups of 30%. This required a total of 200 patients (one-sided a = 0.05, power = 80%), allowing for a 10% drop out.
RESULTS
Patients
From July 1994 through February 1997 we approached 238 consecutive patients who met inclusion criteria. We randomized and followed 214 of these patients (90%; Fig. 1 ). Nineteen patients died during the study period (9%) and 15 were lost to follow up (7%; Fig. 1 ).
Baseline Patient Characteristics
Patients randomized to GMC (n = 105) and IDC (n = 109) were similar with respect to baseline demographic variables except for race and CD4 count ( Table 2) . Patients randomized to GMC had lower CD4 counts at baseline (262 vs 329; P = .05) and were more likely to be African American (85% vs 71%; P = .03).
Physician Level of Training and Number of Patients Followed
In GMC all patients were randomly assigned to internal medicine residents supervised by non-ID attending physicians (n = 49 resident physicians). Thus, residents in their first through third year of postgraduate training followed 100% of patients. Patients randomized to IDC were assigned either to internal medicine residents (n = 10) with faculty supervision, ID fellows (n = 4) with faculty supervision, or ID faculty members (n = 4). Residents followed 35% of patients, fellows followed 41% of patients, and attending physicians followed 24%.
Number of Patients Followed per Physician
The average number of patients followed by each physician in GMC was 2.8 1.7. IDC Physicians from IDC followed, on average 10.8 6.2 patients. When assessed as number of study patients followed by individual physicians (Fig. 2) , the majority of residents in GMC (65%) cared for 2 to 5 patients and only 6% cared for greater than 5. In contrast, 40% of the residents in IDC cared for greater than 5 patients and the all of the fellows in IDC cared for greater than 5. Table 3 summarizes annual visit rates (number of visits per patient per year). There was no difference in mean visit rate to the clinic to which the patient was randomized over the 1-year study period. Patients randomized to GMC, however, were more likely to``cross over'' and visit the IDC compared to patients randomized to IDC who visited the GMC (0.56 1.57 crossover visits per patient per year for GMC vs 0.11 0.62 crossover visits per patient per year for IDC; P = .01).
Outpatient Visits
Patients in the 2 study groups had similar access to the clinic to which they were randomly assigned. The average number of days to first scheduled appointment was similar between groups (22.4 36.8 days for GMC vs 26.1 24.3 days for IDC). A majority of patients kept at least 1 appointment with the physician to whom they were assigned in both GMC and IDC (77.9% vs 67.6%, P = .09). A larger majority of study patients kept at least 1 appointment to see any provider in the clinic to which they were assigned (86.2% for GMC vs 81.9% for IDC). More than half of the patients assigned to each group received greater than 50% of their total ambulatory care from the clinic to which they were assigned (53.2% for GMC vs 58.1% for IDC). Also patients in the 2 study groups had similar attendance in the GMC and IDC. Of the 1,330 total ambulatory care visits scheduled by patients randomized to GMC and the 1,130 total ambulatory care visits scheduled by patients randomized to IDC, approximately two thirds of visits were kept (68.1% for GMC and 68.9% for IDC).
The mean visit rates for medical subspecialty clinics, surgical clinics, and ob-gyn were also similar between groups. However, GMC patients made a greater number of visits to the emergency department than did IDC patients (1.6 3.0 visits per patient per year for GMC vs 0.7 1.5 visits per patient per year for IDC; P = .05). Six percent of the emergency department utilization occurred outside of DUMC.
Hospital Use
In total, 62 patients were hospitalized 123 times during the study period (Table 4 ). Patients randomly assigned to GMC experienced annual admission rate of 0.8 1.7 compared to 0.4 0.8 for patients assigned to IDC (P = .11). For those patients who were hospitalized, there was approximately a 50% greater average length of stay for GMC patients (9 7 days vs 5.3 3.7 days; P = .01). Seven percent of hospitalizations occurred outside of DUMC. Discharge diagnoses relating to the hospitalizations are summarized in Table 5 . We were able to identify primary discharge for the 114 hospitalizations that were in the DUMC system (93% of total admissions). Nearly half of these admissions (49/114) were related to AIDS defining or HIV-related conditions. The majority of these 49 admissions were in the GMC group (40/49). Twenty-five admissions were for medical comorbidities not directly related to HIV infection such as diabetes mellitus, peritonitis, cholangitis, seizures, and stroke. The majority of these admissions were in the GMC group as well (19/25). We did not have discharge diagnoses for the outside hospitalizations.
In adjusted analyses that accounted for imbalances in baseline variables, differences between clinics remained for number of hospital days (P = .05) and utilization of the emergency department (P < .05). There was a trend for greater hospitalization rate in patients randomized to GMC (P = .08).
Process of Care
Process of care measures are based on medical record review for 198 of 214 patients (93%). Using nationally accepted criteria for PCP prophylaxis, 9±12 appropriate PCP prophylaxis was provided for 93% of patients in GMC and 98% of patients in IDC (P = .18). Appropriate TB screening was documented 89% of the time in GMC and 68% of patients in IDC (P = .001). There was evidence of pneumococcal vaccination for 68% of the patients from GMC and 59% of the patients from IDC (P = .16). We found evidence of discussion concerning advance directives in 31% of medical records of GMC patients and 21% percent of medical records of patients randomized to IDC (P = .11).
Of patients eligible for prophylaxis against Mycobacterium avium complex, 66% of GMC patients and 56% of IDC patients received prophylaxis. Seven patients in GMC and 10 patients in IDC participated in other clinical trials regarding care for HIV-infected patients. Overall use of antiretroviral drugs was similar in GMC as compared with IDC. Similar numbers of patients received no antiretroviral medication at any time during the study period (20% for GMC vs 24% in IDC), 1 antiretroviral (47% for GMC vs 41% for IDC), a maximum of 2 antiretrovirals (20% for GMC vs 21% for IDC), or a maximum of 3 antiretrovirals during the study period (13% for GMC vs 14% for IDC). In patients whose CD4 count was <200 lymphocytes/mL at any time in the study, 91% received at least 1 antiretroviral. The average number of antiretrovirals prescribed for those patients who received antiretrovirals was 1.33 0.54 for patients followed by IDC physicians and 1.32 0.52 for patients followed by GMC physicians. Figure 3 shows antiretroviral use by clinic and study year.
Health-related Quality-of-life Scores
HIV-specific HRQL scores are presented in Table 6 . There were no statistically significant differences between GMC and IDC patients in HRQL summary scores for physical health or mental health at baseline or at 12 months. In all patients, however, there was decline in physical health summary scores and mental health summary scores from baseline to 12 months. The decrease in summary scores was significant in GMC for physical health summary (P = .0002) and for mental health summary (P = .0002). The decrease in physical health summary scores was also significant in IDC (P = .0014) with a trend towards significance in mental health summary scores (P = .08).
DISCUSSION
We examined process and outcomes of care for HIVinfected patients randomly assigned to 2 different teaching settings, IDC and GMC. Despite remarkably similar process of care, potentially due to a teaching program for residents in GMC, we found a difference in health care utilization between patients randomly assigned to these clinics. Specifically, utilization of the emergency department and the number of hospital days in the 12-month follow-up period were significantly higher for patients randomized to GMC. These differences remained even after adjusting for baseline imbalances between the 2 patient groups.
Increased hospital use for patients cared for by generalist physicians has been previously suggested in a FIGURE 2. Number of patients followed per physician during the study period. Bars show the percentage of physicians who followed 1 study patient, 2 ± 5 study patients, or >5 study patients. The color indicates level of training. The first 3 bars represent within-study experience of the physicians in GMC and the final 3 bars represent within-study experience of the physicians in IDC. * Home clinic refers to the clinic to which the patient was randomized. Crossover refers to visits to the clinic to which the patient was not randomized. y The total number of patients shown in the clinic categories exceeds the total number of patients in the study (214) because some patients had visits to more than one clinic category.
z P = .05.
x P = .01; P values compare mean visits during follow-up.
retrospective evaluation of patients enrolled in the New York State Medicaid program. 1 Patients cared for by generalists had greater odds of being hospitalized (odds ratio 2.2) and, if hospitalized, had a longer length of stay. Our results prospectively confirm that utilization of hospital services was higher for the patients followed by GMC physicians. Furthermore, our study extends previous efforts in that we defined and measured key components of high quality primary care for HIV-infected patients. For the most part, the provision of these components of care was excellent (e.g., over 90% of patients received appropriate PCP prophylaxis). In fact, the only differences in process of care (tuberculosis screening) favored the care for GMC patients. Our findings contrast the previous work of Kitahata et al. 3 who performed a retrospective medical record review evaluating AIDS patients cared for by family physicians within a staff model-HMO. Kitahata et al. reported that more experienced doctors (all generalists) were more likely to prescribe appropriate PCP prophylaxis, whereas in our cohort, provision of PCP prophylaxis was high and comparable between GMC and IDC. The physicians in the Kitahata study, however, had received no targeted education in HIV-care. Kitahata et al.'s study also documented that patient survival was associated with the experience of individual providers. The experience garnered from the care of even small numbers of HIV infected patients (2 to 5) led to improved patient outcomes, specifically a lower risk of death. While our study was not powered to detect differences in mortality between the patient groups, the numbers of patients followed per physician in Kitahata et al. is consistent with the numbers of patients cared for by most of the providers in our study. Use of antiretroviral agents is a big determinant of survival and their use is associated with lower use of hospital services. 13±15 Previous studies have linked physician experience to utilization of antiretroviral medications. 2, 3 Markson et al. 2 performed a retrospective analysis of New York State Medicaid claims comparing utilization of zidovudine therapy by generalist versus specialist physicians. In our prospective cohort, however, the overall percentage of patients who were prescribed antiretroviral medications and the number of medications prescribed was similar, even when controlling for temporal trends.
In our study, differences in utilization may be related to differences in overall and HIV-specific clinical experience between the 2 groups of physicians. In IDC, of the 18 providers who cared for patients, only 56% of them were residents, the remaining physicians being fellows and attending physicians. In GMC, all of the 49 doctors were residents supervised by non-ID attending physicians. Residents and attending physicians might be quite different in their use of strategies such as telephone medicine or reliance on midlevel providers to handle acute issues between visits.
Not only did the doctors differ in level of training, they differed in the amount of experience that was provided * Includes diagnoses characterized as AIDS defining by the CDC surveillance definition. GMC discharge diagnoses were Candida esophagitis (n = 5), Cryptococcus (n = 2), Cryptosporidium (n = 1), lymphoma (n = 5), MAC (n = 2), PCP (n = 4), toxoplasmosis (n = 2), and tuberculosis (n = 1). IDC diagnoses were lymphoma (n = 1) and PCP (n = 1). y Includes those diagnoses related to HIV infection but that were not AIDS defining. GMC discharge diagnoses were dementia (n = 1), pneumonia (n = 10), HIV esophageal ulcer (n = 1), HIV myelopathy (n = 1), HIV nephropathy (n = 2), and HIV disease without other specific diagnosis (n = 3). IDC diagnoses were esophageal ulcer (n = 2), pneumonia (n = 2), and HIV disease without other specific diagnosis (n = 3).
z The total number of patients shown in the discharge diagnosis categories exceeds the total number of patients with hospitalizations because some patients had admissions to more than 1 category.
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within the study cohort. In GMC, medical residents with little or no prior HIV-related ambulatory care experience assumed primary responsibility for all of the HIV-infected patients that were randomly assigned to that clinic. Because there were many GMC physicians who provided care, each individual physician cared for few patients in the context of the study. In contrast, in IDC, fellows and attending physicians provided care for more HIV-infected patients both within the study. Although IDC physicians averaged 10 HIV-infected study patients, they also cared for a significant number of HIV-infected patients outside the study. In contrast, physicians in GMC, cared for few, if any, HIV-infected patients outside of the study cohort. Thus, physician experience was vastly different between the 2 groups of doctors. In addition to differences between the physicians in the 2 groups, there were important differences in clinic structure and support. The ID attending physicians are available in clinic multiple half days each week and may accommodate acute needs for the patient population more readily than in the GMC. In contrast, residents in GMC had clinic one half day each week and they were not organized into practice groups or coverage teams. When their patients needed care between scheduled clinic visits, GMC residents may have been less available. Nursing and social work support were organized differently in the 2 different clinic settings. Staff in IDC had a very targeted focus on the case management of HIV-infected patients with 3 social workers available. In contrast, GMC is set up to manage the more diverse needs of a population with multiple chronic and acute diseases with only 1 social worker available.
The population we studied was exclusively uninsured or government insured and nearly 80% of patients were black. Our results in this population are consistent with results from the HIV Cost and Services Utilization Study, a national survey based on a sample of the adult U.S. Because we completed follow-up in February of 1998, the fourth time period is less than 1 year. The average number of antiretrovirals is reported for any patient followed during that time; therefore, patients may be included in more than 1 time period. The proportion of patients on at least 1 antiretroviral during each of the study years is also reported. population infected with HIV. 16, 17 In the HCSUS, the annual emergency department visit rate in the Medicaid population was 30% compared to 36% in this study. Additionally, the proportion of Medicaid patients hospitalized in 6 months was 25% compared to 29% over 1 year in this study. One of our study objectives was to expose a large number of trainees to HIV-infected patients in the ambulatory setting. At the outset of the study, Duke residency training focused predominantly on inpatient care for the HIV-infected. Only a handful of residents cared for patients outside of the hospital. This is consistent with a nationwide survey of program directors in internal medicine that reported that the overwhelming majority of residents completed their training without ever caring for any HIVinfected patients in the ambulatory setting. 4 By the conclusion of the study, 63 trainees had cared for ambulatory HIV-infected patients. Three quarters of these trainees provided care in GMC for all of the HIVinfected patients followed in GMC, whereas a small number of trainees in IDC provided care for 75% of the patients randomized to that group. Thus, we did expose a greater number of residents to direct patient care in GMC. Furthermore, when comparing measures of preventive and primary care, the residents in GMC provided remarkably good care, equal to that provided through the physicians with more experience in the IDC.
There are several important limitations to our study. Our study was performed in a single academic medical center in the context of a resident-run clinic. Another limitation relates to the ongoing rapid change in available treatment choices and standard of care. While we captured information on patterns of care during the transition to the era of highly active antiretroviral therapy (HAART), we do not have enough information to report on the usage of these agents. Despite these limitations, our study is the first in which care provided by generalist and specialist physicians for HIV-infected patients was compared in the setting of random allocation of patients to different primary care settings. We enrolled and randomized 89% of eligible patients who sought HIV-related primary care in our setting and had follow-up information on 93% of patients, which attests to high internal validity.
In summary, patients assigned to specialist clinic had significantly less use of hospital services than those patients assigned to generalist clinic. These differences are not explained by differences in the receipt of wellestablished components of evidence-based primary care such as PCP prophylaxis, screening for TB, and administration of pneumococcal vaccination. Even aspects of HIV care in which the standards were rapidly changing, such as antiretroviral use, were provided equally in the 2 groups. Some unmeasured aspect of physician experience in HIV care or structure of the clinics may account for these differences. Attaining the clinical goal of high quality care and limited use of expensive hospital services for HIV-infected patients may require a greater degree of subspecialty input or a restructuring of the support services of the clinic. The provision and retention of evidence-based interventions is not sufficient to achieve these two goals. In addition, the tension remains between the need to train physicians to become experienced clinicians in the care of HIV-infected patients and the need to reap the benefits of relying on already experienced clinicians to manage scarce resources in the current, costconscious health care environment.
